Lewis, Ho, and KOster: Summary Abstract: Investigation of diffusion barriers boundary of the barrier layer into a moving one but can also alter the microstructure of the dilfusion layer. Even though this is a common phenomenon in thin films, its effect on diffusion analysis has often been overlooked.
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4J. C. M. Hwang, J. D. Pan, and R. W. Balluffi, J. App!. Phys. 50, 1339 Phys. 50, (1979 ; J. C. M. Hwang and R. W. Balluffi, J. App!. Phys. 50,1349 (1979 . 'L. G. Harrison, Trans. Faraday Soc. 57,1191 (1961 Previously, V0 2 thin films have been made by pyrolysis, reactive sputtering, and two-step evaporation and oxidation. ' Here we report that high quality V0 2 thin films can also be made by one-step reactive evaporation. Under certain deposition conditions, these films show strong optical anomalies when compared to previous published work on V0 2 • 2 V0 2 undergoes a semiconductor-to-metal structural phase transition at 68 .c. 3 The resistivity ratio is typically 10 3 for good quality thin films.4 Upon switching to the metallic state, such films show a large drop in their near infrared transmittance. For visible wavelengths, however, the transition results in only a small change in the refractive index, that is, there is no color change due to intrinsic absorption.
2 Suggested applications of V0 2 include thermal relays, electrical switching elements, and optical storage media. ' Our films were prepared in a cryopumped deposition system in which (99.7% pure) V was evaporated from an electron-gun source. The evaporation rate was automatically controlled in a feedback loop consisting of the electron-gun system and two quartz crystal rate monitors. The vacuum system was baked out and pumped down to roughly I X 10-5 Pa . An O 2 ambient pressure of greater than 5 X 10-2 Pa was controlled by a Granville-Phillips APC valve and associated electronics. This valve together with an ion gauge provided the O 2 pressure control feedback loop. The substrates were heated by thermal contact to a heater block. The temperature was controlled to ± 2 .c. Deposition rates were on the order of 0.1 nm/s. The best deposition temperatures were found to be between 500 and 600 ·C. For a given V evaporation rate, a higher O 2 pressure was needed for a higher deposition temperature. An error in the deposition variables of more than 2 % would destroy the transition.
A family of films was made on fused quartz and sapphire substrates. The films deposited on sapphire had larger grains and higher resistivity ratios than those on quartz, which agrees with previous work.
4 The reactively evaporated V0 2 films which were deposited on sapphire substrates had positive temperature coefficients of resistance (TCR) in the metallic state, as do high quality V0 2 bulk crystals, and as one expects in a metal. In contrast, most published data on V0 2 films show a negative metallic TCR.
To study the optical properties of large grained, textured thin films, we examined the diffuse, specular, and total reflectances and transmittances over the entire ultraviolet to near infrared range. The films deposited on fused quartz were over 98% specular over the whole range. But those on sapphire were specular to that degree only for the near infrared. In the ultraviolet, they were 80% nonspecular. The crossover from specular to nonspecular is near a wavelength of 600 nm. The data also verified the earlier assertion that 200 nm thick films display little interference coloration. This is especially true for the more textured films on sapphire.
The optical properties of the reactively evaporated V0 2 films were markedly dependent upon substrate temperature. For fused quartz and sapphire substrates heated to 500-550 ·C, "ordinary" V0 2 thin films were produced. Such films (200 nm thick) appeared "brass" colored in both semiconducting and metallic phases in transmitted light.
But when the substrate temperature was raised above 550 ·C, the V0 2 films showed large anomalies in their microstructural and optical properties. For example, SEM micrographs showed that the grain size enlarged to I j..tm. These films in the semiconducting state appeared blue in both transmission and reflection. Heating through the transition resulted in a striking blue-to-red transition on trans-mission. The reflection color changes little. The largest anomaly is a sevenfold increase in the total transmittance (on heating through the transition) for the 600-800 nm range instead of a 50% decrease that occurs in ordinary VOz films. Work is proceeding on relating the optical anomalies to the oxygen defects in the films.
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